PATENT ABSTRACTS OF JAPAN 



(11)Publication number: 2001-256988 



(43)Date of publication of application : 21 .09.2001 



(51)lnt.CI. HOIIVI 8/04 
HOIIVI 8/10 



(21) Application number : 2000-063852 (71)Applicant : TOYOTA MOTOR 
CORP 



(22)Date of filing : 08.03.2000 (72)lnventor : SANO SEIJI 



HAMADA HITOSHI 



TSUKANE TAKAHIDE 



MATSUMOTO SHINICHI 



(54) FUEL CELL SYSTEM AND FUEL CELL OPERATING METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To successfully operate a fuel cell without 
humidifying the gas at anode and cathode sides. 

SOLUTION: Calculations are made for the quantity of water Qw, to be generated 
in a fuel cell 30 based on the output current I of the fuel cell 30 (S1 02) and for the 
quantities of saturated water vapor Qwa and Owe, in the exhaust gas based on 
the flow rates Qa, Qc, pressures Pa and Pc and temperatures Ta and Tc (S106) 
of the exhaust, at anode and cathode sides. The water quantity control ratio, t, is 
defined as t=Qw/(Qwa+Qwc) (S108) and the operation of the fuel cell is 
controlled by adjusting the flow rates, Qa and Qc, pressures Pa and Pc 
temperatures Ta and Tc and current I of the exhaust gas at the anode and 
cathode sides to the direction negating the deviation At of the water quantity 
control ratio t and value 1 (S1 12). Owing to the above control, the fuel cell can be 



operated successfully without humidifying the gas at the anode and cathode 



sides. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
dannages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

CLAIIVIS 
[Claim(s)] 

[Claim 1] the generation which is the fuel cell system of a solid-state 
macromolecule mold, and is generated with said fuel cell - the generation which 
detects amount of water -- amount of water - with a detection means An amount 
detection means of exhaust gas saturated steam to detect the amount of 
saturated steam in the exhaust gas of said fuel cell, said generation - amount of 
water - the generation detected by the detection means ~ with a 
water-flow-control ratio operation means to calculate the water-flow-control ratio 
as a ratio to the amount of saturated steam in the exhaust gas detected by said 
amount detection means of exhaust gas saturated steam of amount of water A 
fuel cell system equipped with the operation control means which controls 
operation of said fuel cell so that the calculated this water-flow-control ratio 
becomes predetermined within the limits. 

[Claim 2] said generation ~ amount of water ~ a detection means ~ the output 



current of said fuel cell - being based said generation the fuel cell system 
according to claim 1 wliich is a means to detect amount of water. 
[Claim 3] Said amount detection means of exhaust-gas saturated steam is a fuel 
cell system according to claim 1 or 2 which is a means to by_which have an 
exhaust-gas-pressure force detection means detect the pressure of said exhaust 
gas, an exhaust gas temperature detection means detect the temperature of 
said exhaust gas, and an amount detection means of emission detect the flow 
rate of said exhaust gas, and the operation based on the pressure, the 
temperature, and the flow rate of exhaust gas which were this detected detects 
the amount of saturated steam in said exhaust gas. 
[Claim 4] A fuel cell system equipped with an exhaust gas relative humidity 
detection means to be the fuel cell system of a solid-state macromolecule mold, 
and to detect the relative humidity of the exhaust gas of said fuel cell, and the 
operation control means which controls operation of said fuel cell to become 
predetermined within the limits by making this detected relative humidity into a 
water-flow-control ratio. 
[Claim 5] There is no claim 1 which is a means to control to become within the 
limits in which said water-flow-control ratio includes a value 1 as said 
predetermined range, and said operation control means is the fuel cell system of 
a publication 4 either. 



[Claim 6] Said operation control means is a fuel cell system according to claim 5 
which is a means to control so that said water-flow-control ratio becomes within 
the limits of 0.7-1.4 as said predetermined range. 
[Claim 7] Said operation control means is a fuel cell system according to claim 5 
or 6 which is a means to control so that said water-flow-control ratio serves as a 
value ''• 
[Claim 8] There is no claim 1 and it is the fuel cell system of a publication 7 either. 
As operational status of said fuel cell It has a status-change means to change at 
least one condition of the flow rate of said exhaust gas, the pressure of said 
exhaust gas, the temperature of said exhaust gas, and the output current of said 
fuel cell. Said operation control means The fuel cell system which is a means to 
control said status-change means so that at least one condition of the flow rate 
of said exhaust gas, the pressure of said exhaust gas, the temperature of said 
exhaust gas, and the output current of said fuel cell changes and said 
water-flow-control ratio becomes predetermined within the limits. 
[Claim 9] the generation which is the fuel cell system of a solid-state 
macromolecule mold, and is generated with said fuel cell ~ the generation which 
detects arnount of water ~ amount of water ~ a detection means, an 
exhaust-gas water-vapor-content detection means detect the water vapor 
content in the exhaust gas of said fuel cell, and said generation - amount of 



water — the generation detected by the detection means ~ a fuel cell system 
equipped with an abnormality judging means judge the abnormalities of a 
system based on amount of water and the water vapor content in the exhaust 
gas detected by said exhaust-gas water-vapor-content detection means. 
[Claim 10] said abnormality judging means ~ said detected generation - the fuel 
cell system according to claim 9 which is a means to judge with abnormalities 
when there is no deflection of amount of water and the water vapor content in 
said exhaust gas in predetermined within the limits. 
[Claim 11] The fuel cell system according to claim 9 or 10 equipped with an 
alarm-output means to output an alarm when it judges with said abnormality 
judging means being unusual. 

[Claim 12] the generation which is the operating method of the fuel cell of a 
solid-state macromolecule mold, and is generated with said fuel cell ~ the 
operating method of the fuel cell which controls operation of this fuel cell so that 
the water-flow-control ratio as a ratio to the amount of saturated steam in the 
exhaust gas of this fuel cell of amount of water becomes predetermined within 
the limits. 
[Claim 13] The operating method of the fuel cell which is the operating method of 
the fuel cell of a solid-state macromolecule mold, and controls operation of this 
fuel cell to become predetermined within the limits by making relative humidity of 



the exhaust gas of said fuel cell into a water-flow-control ratio. 
[Claim 14] The operating method of the fuel cell according to claim 12 or 13 
controlled so that said water-flow-control ratio becomes within the limits of 
0.7-1.4. 

[Claim 15] The operating method of the fuel cell according to claim 14 controlled 
so that said water-flow-control ratio serves as a value 1 . 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the operating method of the fuel 
cell system of a solid-state macromolecule mold, and the fuel cell of a solid-state 
macromolecule mold in detail about the operating method of a fuel cell system 
and a fuel cell. 

[0002] 

[Description of the Prior Art] Coriventionally, as this kind of a fuel cell system, 
what makes unnecessary the humidification equipment by the side of a cathode 
is proposed by controlling an operating temperature at about 70 degrees C 



(JP,11-31520,A) In the fuel cell of a solid-state macromolecule mold, the 
moisture concentration of the solid-state polyelectrolyte film affects the engine 
performance of a fuel cell directly according to a damp or wet condition, using 
the solid-state polyelectrolyte film which has good proton conductivity in many 
cases. For this reason, anode gas and cathode gas which are supplied to a fuel 
cell are humidified with humidification equipment in many cases, in the 
above-mentioned fuel cell system, the humidification equipment by the side of a 
cathode is made unnecessary by operating preferably 50-80 degrees C of fuel 
cells at the temperature of 60-70 degrees C. 
[0003] 

[Problem(s) to be Solved by the invention] However, in an above-mentioned fuel 
cell system, since humidification equipment is required for an anode side even 
when the humidification equipment by the side of a cathode is unnecessary, 
miniaturization or low-cost-izing of a system cannot fully be attained. Moreover, 
in an above-mentioned system, since it is necessary to operate preferably 50-80 
degrees C of fuel cells at the temperature of 60-70 degrees C, when it cannot 
operate in the temperature requirement, it cannot respond like the time of 
starting of a system, or a transient. 

[0004] The fuel cell system of this invention and the operating method of a fuel 
cell set to make unnecessary the humidification equipment not only a cathode 



side but by the side of an anode to one of the purposes. IVIoreover, the fuel cell 
system of this invention and the operating method of a fuel cell set for the time of 
starting of a system and a transient to also operate a fuel cell by no humidifying 
to one of the purposes. 

[0005] 

[The means for solving a technical problem, and its operation and effectiveness] 
The fuel cell system of this invention and the operating method of a fuel cell took 
the following means, in order to attain a part of above-mentioned purpose [ at 
least 1- 
[0006] the generation which the 1st fuel cell system of this invention is a fuel cell 
system of a solid-state macromolecule mold, and is generated with said fuel cell 

- the generation which detects amount of water - amount of water ~ with a 
detection means An amount detection means of exhaust gas saturated steam to 
detect the amount of saturated steam in the exhaust gas of said fuel cell, said 
generation - amount of water ~ the generation detected by the detection means 

— with a water-flow-control ratio operation means to calculate the 
water-flow-control ratio as a ratio to the amount of saturated steam in the 
exhaust gas detected by said amount detection means of exhaust gas saturated 
steam of amount of water Let it be a summary to have the operation control 
means which controls operation of said fuel cell so that the calculated this 



water-flow-control ratio becomes predetermined witiiin the limits. 
[0007] the generation by which a water-flow-control ratio operation means is 
generated with a fuel cell in the 1st fuel cell system of this this invention - the 
water-flow-control ratio as a ratio to the amount of saturated steam in the 
exhaust gas of the fuel cell of amount of water is calculated, and an operation 
control means controls operation of a fuel cell so that this calculated 
water-flow-control ratio becomes predetermined within the limits. According to 
the fuel cell system of such this invention, a fuel cell can be operated, without 
humidifying cathode gas and anode gas by operating a fuel cell so that a 
water-flow-control ratio may become predetermined within the limits. And since a 
water-flow-control ratio is not dependent only on the temperature of exhaust gas, 
the time of starting of a system and a transient can also respond. Here, the both 
sides of the exhaust gas by the side of a cathode and the exhaust gas by the 
side of an anode are included in "the exhaust gas of a fuel cell." 
[0008] the 1st fuel cell system of such this invention - setting ~ said generation 
- amount of water - a detection means ~ the output current of said fuel cell - 
being based - said generation - it shall be a means to detect amount of water In 
the 1st fuel cell system of this invention moreover, said amount detection means 
of exhaust gas saturated steam An exhaust-gas-pressure force detection means 
to detect the pressure of said exhaust gas, and an exhaust gas temperature 



detection means to detect the temperature of said exhaust gas, It shall be a 
means by which have an amount detection means of emission to detect the flow 
rate of said exhaust gas, and the operation based on the pressure, the 
temperature, and the flow rate of exhaust gas which were this detected detects 
the amount of saturated steam in said exhaust gas. 
[0009] The 2nd fuel cell system of this invention is a fuel cell system of a 
solid-state macromolecule mold, and makes it a summary to have an exhaust 
gas relative humidity detection means to detect the relative humidity of the 
exhaust gas of said fuel cell, and the operation control means which controls 
operation of said fuel cell to become predetermined within the limits by making 
this detected relative humidity into a water-flow-control ratio. 
[0010] An operation control means controls operation of a fuel cell by the 2nd 
fuel cell system of this this invention to become predetermined within the limits 
by making into a water-flow-control ratio relative humidity of the exhaust gas of 
the fuel cell detected by the exhaust gas relative humidity detection means. A 
fuel cell can be operated in the 2nd fuel cell system of such this invention, 
without humidifying cathode gas and anode gas by operating a fuel cell so that it 
may become predetermined within the limits by making relative humidity of 
exhaust gas into a water-flow-control ratio. And since it does not depend for the 
relative humidity of exhaust gas only on the temperature of exhaust gas, the time 



of starting of a system and a transient can also respond. Here, the both sides of 
the exhaust gas by the side of a cathode and the exhaust gas by the side of an 
anode are included in "the exhaust gas of a fuel celt." 
[0011] In the 1st of these this inventions, or the 2nd fuel cell system, said 
operation control means shall be a means to control to become within the limits 
in which said water-flow-control ratio includes a value 1 as said predetermined 
range, or Said operation control means shall be a means to control so that said 
operation control means shall be a means to control so that said 
water-flow-control ratio becomes within the limits of 0.7-1.4 as said 
predetermined range or said water-flow-control ratio serves as a value 1. 
[0012] In the 1st of this invention, or the 2nd fuel cell system, it has a 
status-change means to change at least one condition of the flow rate of said 
exhaust gas, the pressure of said exhaust gas, the temperature of said exhaust 
gas. and the output current of said fuel cell as operational status of said fuel cell. 
Moreover, said operation control means It shall be a means to control said 
status-change means so that at least one condition of the flow rate of said 
exhaust gas, the pressure of said exhaust gas, the temperature of said exhaust 
gas, and the output current of said fuel cell is changed and said 
water-flow-control ratio becomes predetermined within the limits. Since a 
water-flow-control ratio is dependent on the flow rate of exhaust gas, the 



pressure of exhaust gas, the temperature of exhaust gas, and the output current 
of a fuel cell, it can operate a fuel cell, without being able to control a 
water-flow-control ratio and humidifying cathode gas and anode gas by changing 
these at least one condition. 

[0013] the generation which the 3rd fuel cell system of this invention is a fuel cell 
system of a solid-state macromolecule mold, and is generated with said fuel cell 
~ the generation which detects amount of water ~ amount of water - with a 
detection means An exhaust gas water vapor content detection means to detect 
the water vapor content in the exhaust gas of said fuel cell, said generation- 
amount of water ~ the generation detected by the detection means ~ let it be a 
summary to have an abnormality judging means to judge the abnormalities of a 
system based on amount of water and the water vapor content in the exhaust 
gas detected by said exhaust gas water vapor content detection means. 
[0014] the 3rd fuel cell system of this this invention - an abnormality judging 
means ~ generation ~ amount of water ~ the generation generated with the fuel 
cell detected by the detection means - the abnormalities of a system are judged 
based on amount of water and the water vapor content in the exhaust gas of the 
fuel cell detected by the exhaust gas water vapor content detection means, the 
case where this judgment is operated without humidifying cathode gas and 
anode gas - generation ~ it is based on amount of water and the water vapor 



content in exhaust gas beconning almost equal. According to the 3rd fuel cell 
system of such this invention/the abnormalities of a system can be judged. 
[0015] the 3rd fuel cell system of such this invention - setting - said abnormality 
judging means - said detected generation - when there is no deflection of 
amount of water and the water vapor content in said exhaust gas in 
predetermined within the limits, it shall be a means to judge with abnormalities 
[0016] l\/loreover, in the 3rd fuel cell system of this invention, when it judges with 
said abnormality judging means being unusual, it shall have an alarm-output 
means to output an alarm. If it carries out lil<e this, an operator can recognize the 
abnormalities of a system quickly. 

[0017] the generation which the operating method of the 1st fuel cell of this 
invention is an operating method of the fuel cell of a solid-state macromolecule 
mold, and is generated with said fuel cell - let it be a summary to control 
operation of this fuel cell so that the water-flow-control ratio as a ratio to the 
amount of saturated steam in the exhaust gas of this fuel cell of amount of water 
becomes predetermined within the limits. 

[0018] According to the operating method of the fuel cell of this this invention, a 
fuel cell can be operated, without humidifying cathode gas and anode gas. And 
since a water-flow-control ratio Is not dependent only on the temperature of 
exhaust gas, the time of starting of a system and a transient can also respond. 



Here, the both sides of the exhaust gas by the side of a cathode and the exhaust 
gas by the side of an anode are included in "the exhaust gas of a fuel cell." 
[0019] It is the operating method of the 2nd fuel cell of this invention, and it is the 
operating method of the fuel cell of a solid-state macromolecule mold, and let it 
be a summary to control operation of this fuel cell to become predetermined 
within the limits by making relative humidity of the exhaust gas of said fuel cell 
into a water-flow-control ratio. 

[0020] According to the operating method of the 2nd fuel cell of this this invention, 
a fuel cell can be operated, without humidifying cathode gas and anode gas. And 
since it does not depend for the relative humidity of exhaust gas only on the 
temperature of exhaust gas, the time of starting of a system and a transient can 
also respond. Here, the both sides of the exhaust gas by the side of a cathode 
and the exhaust gas by the side of an anode are included in "the exhaust gas of 
a fuel cell." 

[0021] In the operating method of the 1st or 2nd fuel cell of these this inventions, 
it shall control so that said water-flow-control ratio becomes within the limits of 
0.7-1 .4, or it shall control so that said water-flow-control ratio serves as a value 1 . 
[0022] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is 
explained using an example. Drawing 1 is the block diagram showing the outline 



of the configuration of tlie fuel cell system 20 wliich is one example of this 
invention. The fuel cell system 20 of an example is equipped with the fuel cell 30 
of the solid-state macromolecule mold which generates the hydrogen from the 
hydrogen source of supply 22, and the oxygen from an oxygen supply 24 as a 
fuel, the cooling system 40 which cools this fuel cell 30, the load 54 driven with 
the power from a fuel cell 30, and the electronic control unit 60 which controls 
the whole system so that it may illustrate. 
[0023] The hydrogen source of supply 22 is a source of supply which can be 
supplied to a fuel cell 30 about the hydrogen content gas containing hydrogen, 
for example, the reforming machine which generates hydeogen-rich gas by 
steam reforming corresponds the hydrogen tank with which it filled up with 
hydrogen, and a methanol. An oxygen supply 24 is a source of supply which can 
be supplied to a fuel cell 30 about the oxygen content gas containing oxygen, for 
example, Blois which supplies air as oxygen content gas corresponds. In 
addition, in the fuel cell system 20 of an example, the humidification equipment 
which humidifies the hydrogen content gas from the hydrogen source of supply 
22 and the oxygen content gas from an oxygen supply 24 is not formed. 
[0024] A fuel cell 30 is a polymer electrolyte fuel cell constituted by carrying out 
two or more laminatings of the cell 31. The outline of the configuration of the cell 
31 which constitutes a fuel cell 30 in drawing 2 is shown. The electrolyte 



membrane 32 which is the membrane of proton conductivity formed of polymeric 
materials, such as fluororesin, as a cell 31 is illustrated, The anode 33 and 
cathode 34 as a gas diffusion electrode which are formed of the carbon cross 
which the catalyst of the alloy which consists of platinum or platinum, and other 
metals scoured, and was loaded with it, pinch an electrolyte membrane 32 in 
respect of the catalyst having scoured and having been put, and constitute 
sandwich structure, It is constituted by two separators 35 which make the 
septum between the cells 31 which adjoin while fomning the passage 36 and 37 
of hydrogen content gas or oxygen content gas with an anode 33 and a cathode 
34, inserting this sandwich structure from both sides. In addition, although not 
illustrated, the passage of the cooling medium for cooling a fuel cell 30 is also 
established in the cell 31. 

[0025] The amount of supply of the hydrogen content gas from the hydrogen 
source of supply 22 to a fuel cell 30 and the amount of supply of the oxygen 
content gas from an oxygen supply 24 can be adjusted now by the 
control-of-flow bulbs 26 and 27, and the gas pressure in a fuel cell 30 can be 
adjusted now by the gas pressure control bulbs 28 and 29 attached in the 
exhaust gas side. In this way, if hydrogen content gas is supplied to passage 37 
from an oxygen supply 24 while hydrogen content gas is supplied to passage 36 
from the hydrogen source of supply 22, electrode reaction shown in a degree 



type (1) and a formula (2) in an anode 33 and a cathode 34 will be performed, 
and chiemlcal energy will be changed into direct electrical energy. 
[0026] 

Anode: H2 ->2H++2e- (1) 

Cathode: 2H++2e-+(1/2) 02 ->H20 (2) 

[0027] A cooling system 40 is equipped with the circulating flow way 42 which is 
connected with the passage of a cooling medium (for example, water) 
established in the cell 31 of a fuel cell 30, and circulates through a cooling 
medium, the circulating pump 44 made to circulate through a cooling medium in 
the circulating flow way 42, and the heat exchanger 46 which cools a cooling 
medium by the open air, cools the heat generated with a fuel cell 30 by the open 
air by mediation of a cooling medium, and can perform now temperature control 
of a fuel cell 30. In addition, temperature control of a fuel cell 30 is performed by 
adjusting the flow rate of the cooling medium circulated with a circulating pump 
44. 

[0028] It connects through the output terminal and the current control circuit 52 
of a fuel cell 30, and a load 54 is driven with the power generated by the fuel cell 
30. In addition, in the example, as a load 54, drivers, such as a motor, are 
contained and also a rechargeable battery etc. is contained. The current control 
circuit 52 is a circuit which can adjust the current impressed to a load 54, and 



changes a current value with the control signal from an electronic control unit 60. 
[0029] The electronic control unit 60 is constituted as a microprocessor centering 
on CPU62, and is equipped with ROM64 which memorized the processing 
program other than CPU62, RAM66 which memorizes data temporarily, and 
input/output port (not shown). The amount Qa of emission by the side of the 
anode from the flowmeter 72 formed in exhaust gas piping by the side of the 
anode 33 of a fuel cell 30 at the electronic control unit 60, a pressure gage 74, 
and a thermometer 76, the exhaust-gas-pressure force Pa, and the exhaust gas 
temperature Ta The current I from the ammeter 56 attached in the output 
terminal of the amount Qc of emission by the side of the cathode from the 
flowmeter 82 formed in exhaust gas piping by the side of a cathode 34, a 
pressure gage 84, and a themiometer 86, the exhaust-gas-pressure force Pc, 
the exhaust gas temperature Tc, and a fuel cell 30 etc. is inputted through input 
port. IVloreover, from the electronic control unit 60, the driving signal to a 
circulating pump 44, the driving signal to the actuators 26a and 27a of the 
control-of-flow bulbs 26 and 27, the driving signal to the actuators 28a and 29a 
of the gas pressure control bulbs 28 and 29, the control signal to the current 
control circuit 52, the lighting signal to an indicator 90, etc. are outputted through 
the output port. 

[0030] Next, actuation of the fuel cell system 20 of the example constituted in 



this way, especially operation actuation of a fuel cell 30 are explaihed. Drawing 3 
is a flow chart which shows an example of the operation control routine of the 
fuel cell 30 performed with the electronic control unit 60 of the fuel cell system 20 
of an example. This routine is repeatedly performed for every (every [ for 
example, ] 100msec) predetermined time, after a fuel cell 30 starts. 
[0031] If this operation control routine is performed, CPU62 of an electronic 
control unit 60 will first perform processing which reads the 
exhaust-gas-pressure force Pa and Pc from the amounts Qa and Qc of emission 
and pressure gages 74 and 84 from flowmeters 72 and 82, the exhaust gas 
temperature Ta and Tc from thermometers 76 and 86, and the current I from an 
ammeter 56 (step S100). and the amount of the water generated by per unit time 
amount with a fuel cell 30 based on the read current I, i.e., generation, ~ amount 
of water Qw is calculated by the degree type (3) (step S102). Here, "F" in a 
formula (3) is a Faraday constant. 



[0032] 



[Equation 



1] 



I 



Qw = 



2F 



{3) 



[0033] Next, using the read exhaust gas temperature Ta and Tc, based on a 
degree type (4), the maxinnum vapor tension Pwa and Pwc by the side of an 
anode and a cathode is calculated (step S104), and the amounts Qwa and Qwc 
of saturated steam in the exhaust gas by the side of an anode and a cathode are 
calculated by the fomiula (5) using the obtained maximum vapor tension Pwa 
and Pwc, the read amounts Qa and Qc of emission, and the 
exhaust-gas-pressure force Pa and Pc (step S106). In addition, among a 
formula (4), Pw (a, c) shows Pwa or Pwc as maximum vapor tension, and T (a, 
c) shows Ta or Tc as exhaust gas temperature. Moreover, among a formula (5), 
Qw (a, c) shows Qwa or Qwc as an amount of saturated steam in exhaust gas, 
and Q (a, c) shows Qa or Qc as an amount of emission. 
[0034] 

[Equation 2] 

Pw(a,c) =0.4552-0.0004757 (T(<i,c) - 160 ) 

-0.O00000685(T(a,c)-l6O)^ • (4) 

Qw(o,c) = " ■ X Q«aic) - (S) 

P(a,c) - Pw (a,p) 

[0035] then, the generation calculated at step S102 - while calculating the 



water-flow-control ratio t by the degree type (6) with the amounts Qwa and Qwc 
of saturated steam in the exhaust gas by the side of the anode calculated at 
amount of water Qw and step SI 06, and a cathode (step S108), deflection deltat 
of the water-flow-control ratio t and a value 1 is calculated (step S110). And the 
operation control of the fuel cell 30 is carried out in the direction in which 
deflection deltat is negated (step S 11 2), and this routine is ended. The relation 
between the water-flow-control ratio t and operation of a fuel cell 30 is explained 
below. 
[0036] 

[Equation 3] 

Qw 

t =^ ^^^^^ (6) 

Qwa + Qwc 



[0037] Drawing 4 is a graph which shows an example of the relation between the 
water-flow-control ratio t when making current density of a fuel cell 30 into 
constant value (0.5 A/cm2), and the generated voltage in a fuel cell 30. 
No.l-No.5 are experiment No. of degree table 1 among drawing. That is, the 
graph of drawing 4 points at the data obtained in the experiment of Table 1 , and 
explains that predetermined relation can be found out to the water-flow-control 



ratio t and the generated voltage of a fuel cell 30 in spite of experiment [ which ]. 
Each experiment in Table 1 was conducted by taking data, when it was operated 
within suitable limits and 30 minutes passed about each actuation factor, after 
setting up the fixed factor of the **** right column using what adjusted the 
amount of catalysts, using ion exchange membrane with a thickness of 30 
micrometers as an electrolyte membrane 32 so that it might become an anode 
33 and a cathode 34 with 0.3 mg/cm2 and 0.5 mg/cm2, respectively. For 
example, in experiment No.1, the hydrogen flow rate was fixed with 54 cc/min, 
the operating temperature of 80 degrees C, and 1kg/cm2 of gas pressure, and 
the air flow rate was sequentially operated from 150 cc/min to 420 cC/min. As 
shown in the graph of drawing 4 , in experiment No,1, the data of five points are 
obtained for the water-flow-control ratio t in 0.4-1.2. The same is said of 
experiment No.2-5. 
[0038] 



[Table 1] 
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[0039] As shown in the graph of drawing 4 , even if it changes the operational 
status of a fuel celi 30, the relation shown in the graph of drawing 4 between the 
water-flow-control ratio t and a generated voltage is obtained. In 0.6 or less field, 
the engine performance of a fuel cell 30 falls [ the water-flow-control ratio t ] 
rapidly among this relation. If this is considered from the definition of the 
water-flow-control ratio t, it will be considered to originate in desiccation of an 
electrolyte membrane 32. On the other hand, the engine performance of a fuel 
cell 30 will fall, if the water-flow-control ratio t exceeds 1.4. This is considered to 
be based on over-humid [ of an electrolyte membrane 32 ]. Therefore, if a fuel 
cell 30 is operated so that the water-flow-control ratio t may become within the 
limits of 0.7-1 .4, the good cell engine performance is securable. If a fuel cell 30 is 
especially operated so that the water-flow-control ratio t may become a value 1 , 
a fuel cell 30 can be operated as more highly efficient operational status. The 
reason for carrying out the operation control of the fuel cell 30 in the direction in 
which deflection deltat of the water-flow-control ratio t and a value 1 is negated 
by the above at steps S110 and S1 12 in the operation control routine of drawing 
3 was explained. Next, an actual operation control is explained. 
[0040] If it assumes now that it is what operates an anode and cathode side on 
the completely same conditions (i.e., If it assumes that they are Oa=Qc, Pa=Pc, 
and Ta^Tc), since it will become Pwa=Pwc, under this assumption, the 



water-flow-control ratio t is expressed witli a formula (7) by substituting a formula 
(3) and a formula (5) for a formula (6). 
[0041] 

[Equation 4] 

V2F X (Pa + Pwa) 

t - — — TT- <7) 

2PwoQa 

[0042] If the exhaust-gas-pressure force Pa, maximum vapor tension Pwa, and 
the amount Qa of emission are fixed from this relation, since the 
water-flow-control ratio t is proportional to Current I, the relation of the 
water-flow-control ratio t and Current I which are illustrated to drawing 5 will be 
obtained. Moreover, if Current I, the exhaust-gas-pressure force Pa, and 
maximum vapor tension Pwa are fixed, since the water-flow-control ratio t is in 
inverse proportion to the amount Qa of emission, the relation of the 
water-flow-control ratio t and the amount Qa of emission which are illustrated to 
drawin g_6 will be obtained. Similarly, if Current I, maximum vapor tension Pwa, 
and the arnount Qa of emission are fixed, since the water-flow-control ratio t is 
proportional to the exhaust-gas-pressure force Pa, the relation of the 
water-flbw-control ratio t and the exhaust-gas-pressure force Pa which are 
illustrated to drawing 7 will be obtained. If Current I, the exhaust-gas-pressure 



force Pa, and the amount Qa of emission are fixed, the water-flow-control ratio t 
is in inverse proportion to maximum vapor tension PWa. Since maximum vapor 
tension Pwa is the secondary function of the exhaust gas temperature Ta, the 
water-flow-control ratio t will be in inverse proportion to the cube of the exhaust 
gas temperature Ta, and the relation of the water-flow-control ratio t and the 
exhaust gas temperature Ta which are illustrated to drawing 8 is obtained. 
Therefore, the water-flow-control ratio t can be adjusted by adjusting Current I, 
the exhaust-gas-pressure force Pa, the amount Qa of emission, or the exhaust 
gas temperature Ta. Of course, the water-flow-control ratio t can be adjusted 
also by adjusting two, Current I, the exhaust-gas-pressure force Pa, the amount 
Qa of emission, and the exhaust gas temperature Ta, or more. These relation is 
materialized when it assumes that it is what operates an anode and cathode side 
on the completely same conditions, but even when the inclination of this relation 
has an independent anode and cathode side respectively, it is materialized. 
[0043] Therefore, the operation control of the fuel cell 30 in step S112 of the 
operation control routine of drawing 3 can be performed by adjusting one of 
Current !, the exhaust-gas-pressure force Pa and Pc, the amounts Qa and Qc of 
emission, and the exhaust gas temperature Ta and Tc, or two or more. What is 
necessary is just to set about which element is actually adjusted according to the 
operational status of a fuel cell 30, or the drive condition of a load 54. For 



example, what is necessary is just to adjust with elements other than Current I, 
when the current I impressed to a load 54 wants to change. What is necessary is 
just to adjust Current I in the control at the time of starting of a fuel cell 30, so 
that it may illustrate to drawing 9 , and the water-flow-control ratio t may become 
a value 1 with the rise of the exhaust gas temperature Ta and Tc. The fuel cell 
30 is smoothly put into operation by this control so that drawing 9 may show. 
[0044] In addition, accommodation of each element can be performed as follows. 
The current control circuit 52 can perform accommodation of Current I, and 
accommodation of the opening of the gas pressure control bulbs 28 and 29 can 
perform accommodation of the exhaust-gas-pressure force Pa and Pc. Moreover, 
accommodation of the opening of the control-of-flow bulbs 26 and 27 can 
perform accommodation of the amounts Qa and Qc of emission, and 
accommodation of the flow rate of the cooling medium by the circulating pump 
44 can perform accommodation of the exhaust gas temperature Ta and Tc. 
Therefore, what is necessary is just to carry out drive control of the current 
control circuit 52, the control-of-flow bulbs 26 and 27, the gas pressure control 
bulbs 28 and 29, and the circulating pump 44 according to the operational status 
of a fuel cell 30, or the drive condition of a load 54. 
[0045] According to the fuel cell system 20 of an example explained above, the 
operation control of the fuel cell 30 can be carried out in the good condition. 



without humidifying hydrogen content gas and oxygen content gas based on the 
water-flow-control ratio t. That is, a fuel cell 30 can be operated in the highly 
efficient condition by controlling the water-flow-control ratio t within the limits of 
0.7-1.4, and controlling so that the water-flow-control ratio t becomes a value 1 
preferably. 

[0046] the fuel cell system 20 of an example ~ the operation control routine of 
drawing 3 ~ setting ~ generation ~ although shall calculate amount of water Qw, 
maximum vapor tension Pwa and Pwc shall be calculated, the amounts Qwa 
and Qwc of saturated steam in exhaust gas shall be calculated and the 
water-flow-control ratio t shall be further calculated using these, it is good also as 
what calculates the water-flow-control ratio t immediately. 
[0047] Although operation of a fuel cell 30 shall be controlled by the fuel cell 
system 20 of an example in the direction in which deflection deltat of the 
water-flow-control ratio t and a value 1 is negated, it is good also as what carries 
out the operation control of the fuel cell 30 so that the water-flow-control ratio t 
may become within the limits of 0.7-1.4. 

[0048] Next, fuel cell system 20B as the 2nd example of this invention is 
explained. Drawing 10 is the block diagram showing the outline of the 
configuration of fuel cell system 20B of the 2nd example. Fuel cell system 20B of 
the 2nd example is carrying out the same configuration as the fuel cell system 20 



of the 1st example except for the point equipped with the hygrometers 79 and 89 
which detect relative humidity rhoha of a point equipped with the heaters 77 and 
87 which heat the exhaust gas by the side of an anode and a cathode, a point 
equipped with the thermometers 78 and 88 which detect the temperature Tha 
and The of the heated exhaust gas, and the heated exhaust gas, and rhohc so 
that it may illustrate. In order to exclude duplication of explanation, among the 
configurations of fuel cell system 20B of the 2nd example, about the same 
configuration as the fuel cell system 20 of the 1st example, the same sign is 
attached and the explanation is omitted. In addition, the heaters 77 and 87 with 
which fuel cell system 20B of the 2nd example is equipped are constituted as a 
ribbon heater attached in exhaust gas piping. 
[0049] In this way, in fuel cell system 20B of the 2nd constituted example, the 
operation control routine illustrated to drawing 11 with an electronic control unit 
60 is performed. When this routine is performed, CPU62 of an electronic control 
unit 60 first Relative humidity rhoha of the exhaust-gas-pressure force Pa and Pc 
from the amounts Qa and Qc of emission and pressure gages 74 and 84 from 
flowmeters 72 and 82, the exhaust gas temperature Ta and Tc from 
thermometers 76 and 86, the exhaust gas temperature Tha and The after 
heating from thermometers 78 and 88, and the exhaust gas after heating from 
hygrometers 79 and 89, rhohc and processing which reads the current I from an 



ammeter 56 are performed (step S200). And processing which changes relative 
humidity rhoha of the exhaust gas after read heating and rhohc into relative 
humidity rhoa in the exhaust gas temperature Ta and Tc and rhoc is performed 
(step S202). Exhaust gas is heated with heaters 71 and 81, relative humidity 
rhoha and rhohc are detected here, and these are changed into relative humidity 
rhoa in the exhaust gas temperature Ta and Tc, and rhoc for detecting the case 
where the amount of water in exhaust gas has become fog-like exceeding the 
amount of saturated steam. That is, it is for evaporating fog-like water with 
heating and detecting as relative humidity. For this reason, relative humidity rhoa 
in the changed exhaust gas temperature Ta and Tc and rhoc may become a 
value exceeding 100%. 

[0050] Next, relative humidity rhoa in the changed exhaust gas temperature Ta 
and Tc and rhoc are changed into the water-flow-control ratio t (step S204). The 
time of the anode and cathode side being operated on the same conditions, and 
rho a=rho b being materialized now, is considered, since the water generated is 
discharged as a steam in exhaust gas when not humidifying the oxygen content 
gas supplied from the hydrogen content gas supplied from the hydrogen source 
of supply 22, or an oxygen supply 24 with humidification equipment ~ generation 
~ amount of water Qw becomes equal to the water vapor content in exhaust gas. 
generation of as opposed to [ relative humidity is a water vapor content to the 



amount of saturated steam in the temperature in exiiaust gas, and ] the amount 
of saturated steam in exhaust gas in the water-flow-control ratio t ~ since it is 
amount of water Qw - the case of non-humidified operation - generation ~ if it 
takes into consideration that amount of water Qw and the water vapor content in 
exhaust gas are equal, the water-flow-control ratio twill become equal to relative 
humidity. Therefore, the conversion to the water-flow-control ratio t of relative 
humidity rhoa in step S204 and rhoc distributes relative humidity rhoa and rhoc 
by flow rate, and should just add them. Namely, what is necessary is just to 
calculate by the degree type (8). 

[0051] 

[Equation 5] 

PaQa+PcQc 

\ s — .... ^tj; 

Qo + Oc 

[0052] If the water-flow-control ratio t is calculated, deflection deltat of the 
water-flow-control ratio t and a value 1 will be calculated (step S206), the 
operation control of the fuel cell 30 will be carried out in the direction in which 
deflection deltat is negated (step S208), and this routine will be ended. It 
mentioned above about the reason for canying out the operation control of the 
fuel cell 30 in the direction in which deflection deltat is negated. 



[0053] According to fuel cell system 20B of the 2nd example explained above, 
the operation control of the fuel cell 30 can be carried out in the good condition, 
without humidifying hydrogen content gas and oxygen content gas based on the 
relative humidity of the exhaust gas of a fuel cell 30. That is. a fuel cell 30 can be 
operated in the highly efficient condition by controlling within the limits of 0.7-1 .4 
by malcing relative humidity into the water-flow-control ratio t, and controlling so 
that the water-flow-control ratio t becomes a value 1 (relative humidity is 100%) 
preferably. 

[0054] the time of operating a fuel cell 30, without humidifying hydrogen content 
gas and oxygen content gas, as mentioned above - generation — amount of 
water Qw and the water vapor content Qg in exhaust gas become equal, 
therefore, generation - amount of water Qw and a water vapor content Qg are 
measured, and the abnonnalities of a system can also be judged by the size. An 
example of the abnormality judging manipulation routine performed by drawing 
12 with the fuel cell system 20 of the 1st example or the electronic control unit 60 
of fuel cell system 20B of the 2nd example is shown. 
[0055] if this abnormality judging manipulation routine is performed ~ CPU62 of 
an electronic control unit 60— first - the amounts Qa and Qc of emission, the 
exhaust-gas-pressure force Pa and Pc and the exhaust gas temperature Ta and 
Tc, the exhaust gas temperature Tha and The after heating, relative humidity 



rhoha after heating, rhohc, and Current I - reading (step S300) - generation - 
while calculating amount of water Qw (step S302), a water vapor content Qg is 
calculated (step S304). and generation ~ amount of water Qw, a water vapor 
content Qg, and deflection deltaQ are calculated (step S306), and the absolute 
value of deflection deitaQ is compared with a threshold Qref (step S308). here - 
a threshold Qref - generation - it is set up as range permissible to the deflection 
of amount of water Qw and a water vapor content Qg, and is set according to a 
scale, a class, etc. of fuel cell 30. 

[0056] It judges with it being unusual when the absolute value of deflection 
deltaQ is larger than a threshold Qref, and an indicator 90 is turned on (step 
S310), when the absolute value of deflection deltaQ is below the threshold Qref, 
it judges that he has no abnormalities and this routine is ended, here - 
generation - when it is larger than a water vapor content Qg and amount of 
water Qw becomes [ the absolute value of deflection deltaQ ] larger than a 
threshold Qref, the leak has arisen from piping etc. or instruments are damaged 
in many cases, moreover, generation - when it is smaller than a water vapor 
content Qg and amount of water Qw becomes [ the absolute value of deflection 
deltaQ ] larger than a threshold Qref, instruments are damaged in many cases. 
In the abnorrnality judging manipulation routine of an example, when such 
abnormalities are judged and it judges with it being unusual, an indicator 90 is 



turned on and the operator is told about abnormalities, thus -- the abnormality 
judging manipulation routine of an example - generation - the abnormalities of 
a system can be judged based on amount of water Qw and a water vapor 
content Qg. And since an indicator 90 is turned on at the time of abnormalities, 
an operator can know the abnormalities of a system quickly. 
[0057] the abnormality judging manipulation routine of an example - generation 
- although the absolute value of deflection deltaQ of amount of water Qw and a 
water vapor content Qg was compared with the threshold Qref, it is good also as 
a thing [ the threshold of a fonA^ard value, and the threshold of a negative value / 
Q / deflection delta]. In this case, even if the magnitude of the threshold of a 
negative value is not the same as the magnitude of the threshold of a forward 
value, it does not interfere. 

[0058] As mentioned above, although the gestalt of operation of this invention 
was explained using the example, as for this invention, it is needless to say that 
it can carry out with the gestalt which becomes various within limits which are not 
limited to such an example at all and do not deviate from the summary of this 
invention. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the outline of the configuration of the 
fuel cell system 20 which is one example of this invention. 
[Drawing 2] It is the block diagram which illustrates the outline of the 
configuration of the cell 31 which constitutes a fuel cell 30. 
[Drawing 3] It is the flow chart which shows an example of the operation control 
routine of the fuel cell 30 performed with the electronic control unit 60 of the fuel 
cell system 20 of an example. 

[Drawing 4] It is the graph which shows an example of the relation between the 
water-flow-control ratio t when making current density of a fuel cell 30 into 
constant value (0.5 A/cm2), and the generated voltage in a fuel cell 30. 
[Drawing 5] It is the graph which shows an example of the water-flow-control 
ratio t when fixing the exhaust-gas-pressure force Pa, maximum vapor tension 
Pwa, and the amount Qa of emission, and relation with Current I. 
[Drawing 6] It is the graph which shows an example of the relation between the 
water-flow-control ratio t when fixing Current I, the exhaust-gas-pressure force 
Pa, and maximum vapor tension Pwa, and the amount Qa of emission. 
[Drawing 7] It is the graph which shows an example of the water-flow-control 



ratio t when fixing Current i, maximum vapor tension Pwa, and the amount Qa of 
emission, and reiation with the exhaust-gas-pressure force Pa. 
[Drawing 8] it Is the graph which shows an example of the water-flow-control 
ratio t when fixing Current I, the exhaust-gas-pressure force Pa, and the amount 
Qa of emission, and relation with the exhaust gas temperature Ta. 
[Drawing 9] it Is the explanatory view showing an example of the reiation 
between the current density when putting a fuel cell 30 into operation where the 
water-flow-control ratio t is held to a value 1, and a generated voltage. 
[Drawing 10] It is the block diagram showing the outline of the configuration of 
fuel cell system 20B of the 2nd example. 
[Drawing 11] It is the flow chart which shows an example of the operation control 
routine of the fuel cell 30 performed with the electronic control unit 60 of fuel cell 
system 20B of the 2nd example. 

[Drawing 12] It is the flovy chart which shows an example of the abnormality 
judging manipulation routine performed with the fuel cell system 20 of the 1st 
example, or the electronic control unit 60 of fuel cell system 20B of the 2nd 
example. 

[Description of Notations] 

20 208 A fuel cell system, 22 A hydrogen source of supply, 24 Oxygen supply, 
26 27 A control-of-flow bulb, 26a, 27a Actuator, 28 29 A gas pressure control 



bulb, 28a, 29a Actuator, 30 A fuel cell, 31 A cell, 32 An electrolyte membrane. 33 
Anode, 34 A cathode, 35 36 A separator, 37 Passage, 40 Cooling system, 42 A 
circulating flow way, 44 A circulating pump, 46 lieat exchangers, 52 Current 
control circuit, 54 A load, 56 An ammeter, 60 An electronic control unit, 62 CPU, 
64 ROM, 66 72 RAM, 82 74 A flowmeter, 84 76 A pressure gage, 86 77 A 
thermometer, 87 79 A heater, 78, 88 thermometers, 89 A hygrometer, 90 
Indicator. 
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t/^*^ 3 1 fcfi. Ki^^WM 3 0 ^l^^t^TctbO) 

?^sp«i*®?5Sssfeia^t6nTv>So 
[0 0 2 5] mmmm3o^(D7m^^U2 2*^&(D7J< 

xcDW&»a. MMmm^viyf 25, 2 ? t .t ^ t» 
t?ts j;dfe:*oTfe!3. mnnms o\^(Dis:7.mi. 



(5) 



#118 2001-256988 



S&M 2 2f)-^ ^7km^m^7.i}m'^ 3 6 k:#^?ns 
IC^Igffil&M 2 4 P)7j<^-g-W^'X*W 3 7 

i:. yy- f 3 3 j;t;;^7y- f 3 4 {cfev^ri^s 

7y-F : H2^2H-'-+2 
7!;y-F : 2H++2 e-+ 

[0 0 2 7] '^^i'&m 4 0 a. MWfi 3 0 ©W?fi 3 

mnms o<^))aai^S5%fT^^^<fc'5fc^5oTt/^s„ ^ 

?$^ii»cDMM*^li5-r S c »c J; t) tf ^ 

[0 0 2 8] ft^?5 4ti. ^S«M3 0CDffitlS¥i:« 

tlil^- >y F 6 0 B ci[)SU»«^(2: <fc o T«gSffl^^M 

[0 0 2 9] «?|iJi]n.::.-y F6 Oa, CPU6 2:^4' 

pu 6 2<Dmic. iaayn^^A^^iiLfcROMe 4 

-Rffi^fc-r-^^tB'i-r^R AM6 6 fc. Attl:ti:4< 
-F (Hf^-S-f) ^ii^^o F6 Olc 

{<t^ MMfi3 0c7)7y-F3 3iJc9fWXE®fc^lt 

^nrzmmm7 2, mtim7 4, mmm? 6is^^<o7y 

- FiJ©#;^?'X?^MQ a , #:«~XJ±:^ P a , miSXUlS. 
Ta^s ^y-F3 4ftJcDgW~Xi3efc^tt5iti/'ci^l 
ff-8 2, JI;'3ff 8 4 , tSfiltS 6 *^5.(D*y- FM®gP 



(1) fej;t;S (2) lc^-rilSSJSA^t7J5;t3n. it^ 

[0 0 2 6] 

e- (1) 
(1/2) Og-^HzO (2) 

«^ 3 0 ®ffl^lS^?fc®DmtP>n/c«M+5 6*^5.® 

fc. «?ffiijffila:^-y F 6 0*^&tt. mmt^yf4 4^0) 

mmmn-^mm^vv/ 2 6. 2 ? or ^'^a x-^ 

2 6 a. 2 7 a^cDSKSlft^. ;9'Xffi^JfflI>'^;Vy^2 8 , 
2 9CD7^'f-aX-:5? 2 8 a. 2 9 a^®|gt!)ft-t, 
»gi1lHlgS 5 2'\®|iJ«t^. yJ^-'^ 9 O^CD^S 

[OOSOl ^s C5LT«i3!4^nfc*Si^jOK«tt 
?ti/X'rA2 O^Klf^. #fcKM-S3 OCDSfsKlfffc 
oi/^TiiB^'r^.o msii. ^»Jom«Mi/Xr A 2 
0 ©M^fWiia:^ F 6 0 tc j; t) *fT«n§li««?a 3 
0 OD)»fgM»V-f'V(?)-'fiaj;&^-r 7 P-9^-V ~ F T-fe 
§„ Km?fi3 0:6^'5!ai;j?nT*^&FjT 

&mfSU m^ii. 1 OOms e c«) t^DML^ff 

[0 0 3 1] <i<DW^mmj\y~i^yb'^m7-^n^t. n 

^mm:i~ «y F 6 0 C P U 6 2 a. ^t. MMff 7 
2, 8 2ti-^ih<DmiSXMmQei, Q c •^ffi^]ti- 7 4 , 8 
4*^&C0gWXJI;^(P a. Pc. ?aSff-7 6, 8 6*^5. 

(Dm:ffxumTa. Tc. mMm5 6is^^(Dnmi^M. 

^^iity$aa^*tT-r§ (xr-^^ys i oo) „ •?-lt. 
M^a^/c«^Jf^ I icm-:}^ > rmnnm 3 o t j; d ¥{u(© 

(3) u:j;DfWt-S (XTy:/Si0 2)o 
S (3) ^(D rpj {i7T9r-^-^feSo 

[0 0 3 2] 
[SSCl] 



Qw = 



I 



2F 



[0 0 3 3] ^ic, m^}hfomm:ff:^U&T: a. T c ^ 

fflv^Ti^sS (4) tcS-:3~t/^TTy-F«$5<J;t;*y-F 
iJcDfiaft^^EEPwa. Pwc^lt-»U (Xryy^S 1 

0 4) . i#?.n:rciat^^Pwa, Pwc^:^^^ii^ 

rm-ff 7.mmQ a, Q c tSf ;«fX£E:^P a . P c 

</^T7/ - FtJ:fo'cfct;:^7y- FtJ®P;9^X4'c^l§fn7i<^ 
miQwa, Qwc^S (5) tjcDItPt^ (Xr-y 
1 0 6) o ^*5. S (4) cf3. Pw (a. c) ttH 



(3) 



fn^^]±i:LT(DPw aSfc^Pwc ^SL. T (a. 
c) lim:ffXU&tLr(DT a^Tcl/iT c^mto S 
fc. ^ (5) Qw (a. c) iigWX4'<DiafB7j<M 
^M^LTCDQwaSfctiQwc^S^U Q (a. c) 
ttP:!!fXM»t bT(?)Q a SfcttQ c ^^-To 

[0 0 3 4] 

[1^2] 



(6) 



#112 0 0 1-2 5 6 9 8 8 



Pw(a.c» =0.4552- O.CXX)4757 (T(q,c) r 160) 

-0.000000685(TCa,c)-l60)^ - • • • (4) 



Pw(a,c) 



P(g,c) - Pw(a, 

[0 0 3 5] ic(/^Tv 1 0 ZVtfMLTcfiLli^ 

7i<«Qwi:xry:/s 1 OG-^mwhrcT/^m^^ 

0"*V-FfiiJC9fWXc^i6DfMP7j<^^*Qw a, Qwc 

tK^fo'A^ (6) ic^>07mm'm\:tmmt^tn 

(7,r«y :/S 10 8). 7i<a»it t tm 1 ^©{SM 
A t^ff»t§ (xx-y:/s 1 1 0) o ^LT. w,m^ 
t *^fr-6?B?n5^fp]fcM«m 3 0 %aiE» LT 

(Xr^yT'S 112). ^^V-^y^rl^T-rSo ykEM 
[0 0 3 6] 

Qw 



t =r 



Qwo + Qwc 



(6) 



[ 0 0 3 7 ] 0 4 mmnm 3 0 (DnM^m^-ma. 
(0. 5A/cm2) tLTct^oymmmttt tmm 

T*fe5o 04>x No. l~No. 5a.^«l<?)^N 



— X Q(a,c) '- (S) 

7i<«fij»i:fc t i:m«?fi 3 0 (DmfiLmi±t icmm(Dmm 

^^.l^TctC tff^'V'^ ^(D^mmt^^(Dl:'^^o Si 
fctet)-§#*Kii. «fPK^3 2 i:LTW^^3 0 /im(?) 

^n^'nO. 3mg/cm2, 0. 5 ni g/c 

n^^rco mxii. mm o . i -^n, ikmim^ 5 4 

c c/m 1 n, MlEiSas 0°C, :ffXj±l k g/c mz 
15 0c c/m i n*^5. 4 2 0 c 

fc. *MNo . ITHi, TkWiliit t)b^O. 4 — 1. 2 

o. 2~5lcoV>Tfc|WHiT'feSo 
[0 0 3 8] 
[«1] 









1 


^^^iifGfi (lSO-»420cc/iiiin) 


7KSK»A54cc/min iHBtUESOt; i^fiElkg/cni> 


2 


7K5)fift* (64'-*300cc/min) 




3- 


(400--* 1 ISOcc/Dttin) 




4 




**ilEl:64cc/mIn ^St*ei:420cc/miix i^jEElkg/cm^ 


5 







[0 0 3 9] m^o^if'^yic^st^oic. msM30 

5 -6. rKlfJiitt t 0 . ei^Tfo^mm-eit. MMim 

mnm s o (Dn.mm&Tt o c nt*. ^KiMtutt t © 
^n§o mmMm3 0(m.mii. 7KM»jtt*^ 

I. 4^msi:ffiT^5„ (intt. «»R^3 2CD3® 
*7i<»Jfflii;t t 0 . 7~l. 4(DfBHF«iii:&§«fcdB 

-rna\ mm3 o ^^^^-^nm^mn^mt ltm 



f->fc:fo'l)-?.XT>y>^S 1 10, S 1 1 2r-7mMWit 

t tmi t(DmmMmt>'mn^y5\^icmmnm3 

[0 0 4 0] t/>s. 7y-FtJi;*y-FtJ^^^tiwi 
i:m^xmmt^i^<Dmmtmi. gp-s q a = q c, 

Pa = Pc. Ta = Tct{R^'rWf. Pwa = Pwc 

(6) fcS (3) ti^ (5) ^{-^A-rscttjcDie 

(7) x-mi^-^n^o 

[0 0 4 1] 
^4] 



(7) 



#112 00 1-2 5 6 9 8 8 



t - 



V2F X (F^ii-Pwa) 



(7) 



2PwaQa 

[0 0 4 2] <:cDM#/b^5.P;9^Xl£:^P a, 
Pwa. MfiS::^mMQai^mMtrni. ymmmtttii 

nm. I \citm-r^i)^ a s icm^-r^ykmmit 1 1 

nmit(Dmmm^rL^o ^tc^ mmi, m^s^mti 

P a , fMn^^EP w a ^HS-rntf. 7j<MffiiJ»i:b t « 

7j<i»j:t t mmxmti p a immt^t^ 

H 7 {cM^^-r^TkMWit t tmiS7.J£tJ Pat® 

Q a ^s^tntfs 7j<iMit t immm^j£Pv/ a t 
stb^j-r ^ 0 iMPiaffi Pwa mmxnis. t a © 2 

cDMS^7?a& « /j^ e. . ymmmit t T a © 3 

T a cDt.>■rn:^)^;&iSli5■r § <: 1 1 0 ymmUit t ^Iffl 
a. SP;^fXi^«Qa. gf;^fXSaT a(7) ZoJgUi^lllliS 

•r § c i: <fc o r^ymmmit t ^isgut § d t Tb^-e ^ 

[0 0 4 3] .Lfc:6^^T. H3(?)S*KM»;V-f->'C»X 

f y^'s 1 1 zic&f^mmmms o(Dm$mmii. m 

mi . m:ffXBtlP a, Pc. ilp;ifXjjt«Q a. Qc. 

gf:^^X!a®T a, T CCD— ^$>§i/Hiz:oJ^(±^Sigi5■r 
S <: i: t o TtT^ 9 c i: ? S o *S^c if ©g^^fe 

mmt^Mc-o^'Xii. mnums o®MiE«si-^mif 

5 4 0DJig«(«ffit<fc-:>T^i6n{f<fcl/\ mtf. MM 5 
iiS T a . T c (^_h#fcfl5^ T*«M»Jt t im 1 i;* 

^mWi^^'owmm.'i o t±xA-xk:jifiS) lt 

(/-"So 

CO 0 4 4] =&S^©ISgi1ttJKT(?)<fe 5 fcff^^ 

C §0 I 5 2 1 D 

tT^^ cltA'^T't^ SW^XffitjPa. P c (D|l|gpa;y"X 

ffiM»^;l':/2 8, 2 9®Mjaoiiii{cJ;f9ff^'5 i: t 
if^X^^c Sfc^ SP;«fX?^SQa. Q c (DlSgpiiJ^aM 
ilM;!/:/ 2 6, 27 (Dm&(Dmmc <fc 5 1?^ 5 C 

fr;9'xa®T a , T c (DrnWiiWrn^^y-:^ 4 4 le: J; 

§ '^ii!m#(Dmm(Dmwic j; d ^ ^ t -e ^ § <> . t 



Tc*^^ T. W«M 3 0 ®aHg«ffi-»f>ft# 5 4 

micf&i^mm^mm^ 5 2 25,2 

7 , :«~xffiM»7^;^:/ 2 8, 29, mm^-yf 4 4 

[0 0 4 5] ^)(±KS0^Lfc*SSW(7)m»>XTA2 

ofc^ntf. zk«^Mtfcttcs-t5t,^T*^^#:9^x^^ 

^-&W;9'X%AP)StSclt^s<M«M3 0^^^-^« 
iST-MfsifiW-rs c i;*^-e^So . 7i<«l'J«b t ^ 
0 . 7 ~ 1 . 4 (^lEHK^-^-fgijffi] ^if S L < aTklW 

[0 0 4 6] mmm<Dmmnmiy7.7-h2oxii. 03 
® m$mm)v-^ yic^t,^ r^^m q w ^itw l . is 

Sftl^mPwa. Pwc%ff»U P^XffOtlffi*^ 
t ^ff-»-r S L It lC7j<»W®li:b t 
[0 0 4 7] *ilM(OW«?fi5^Xr^2 Ot?{i. *« 

«fi 3 0 (DMiRmmt^ t,(DtLrci3\ 7j<«ffi'j»J;b t 
ii^o. 7~i. A(DmmMcr^^i:^jmnm3o^m 

[0 0 4 8] ^fc. *^^®^2cD^aMilLT®m 
ttffi^>XrA2 0 BtCOV^T»JB^-r«o 01 Otis 112 

HMMcomtt^i^^xr 2 0 B (Dmmm^^fntm 
mmr-&?><. mzmrnmoymmmmi^xT-L. 2 0 e a. 
H^-rs <fc 5 fc. ry- Fffiife<fct;;^? v- Kii(osp;9'x 

iS7.(DiimTha, T h c ^miHt ^Umi 7 8 . 8 8 

m^^}^, i}am^tircm:ff7.(omMm&p h a. p h 
c *«^ffl-rs^ff-7 9,89 ^ms^^^ns^i/^T^ 1 

llfflM®Kff«rie/XrA 2 0 i;lRl-o«jt^LTi> 

Xri^ 2 0 B ®«^CD d 1 HfflMOffimmi^Xf- 
i.2 0i:l^-(D«l^(cov^T{i. |S|-<D^?f^;&#L^ ^ 

©IJSEra^tBStSo ^5;^% B2||MiJ©««1t?fi^^Xr 
i^ 2 0 B 7b^ffi;^?.iinii§g7 7 , 8 7 tt. P;^?~XiBW(c5J 

[0 0 4 9] c ^ Lrmm-^nrcm zmmmmm 

e/Xri^ 2 0 B T-tis h 6 0 1 D 0 1 

i^yif^m^j-sn^ t. n'fmn:i-y heoocpuo 

2ti. S-f^ j!S«tf-7 2, 8 2*^BOSWX?it«Qa, 

Qc^E:^lt7 4, 8 4*^e.(^)gW^XE;':P a, Pc, 

laait 7 6, 8 6 6 m'i^isxus. t a . t c, ?asit 

7 8, 8 8*^6cDAn^^©gWXtSST ha. The, 
Umm 9, 8 9 5. (0APl^OP:flfX<Dffl>i^Sia p h 
a , p h c , «5Stlt 5 6 t^^cDnm I 
mit^ (XT-)^ys 2 0 0) 0 ^LT. sg^^^A^y^i)^ 
mk<DmiS7.(Dmm&p h a. p h c^swx^agT 



(8) 



#H2 0 0 1-2 5 69 8 8 



ff*5 U'r>y:/s 2 0 2) „ <icr\ mw^7 i, s 

ncj;DfP;?fX%APi5LTffl^}iap h a. p h c %:ft 

1ST a, T c t*3tt5fg?>fSap a, p c a 1 0 0 

[0 0 5 0] i^k:. ^^L;feJ^p;^?'X)'aST a , T c tcfe 
tt§IB)i>fMSp a, p c%7i<MMi:tt ic^^t-^ (X 

T'yfs 2 0 4) o ry- FiJi:v?7y-Fffl*^lnl 
u^V¥rmmtir^*) p a = p b jbWft-r s J: 

^So *mm«2 2*^5.«l&$n§7j<S^*;9^X^^ 

mit t Ji»:«'Xcti(DfiafP7j<^Ml}cS>f'rs^^J<MQw 

t a|B)i^f?MSt^L<^?>o LTcff-or. XT-'y7'S2 
0 4 fc^ol-tSfflj^ifSap a , p c cD7j<l$iJfflIi:t t 
^i±^ i^mU^p a. p c^m.Mitl:''p^mLXi}aXtlit 

(8) ic^mwtnii^\'\ 

[0 0 5 1] 

' PaQg+PcQc /oi 
t ■ ~ . ■ . . [S) 

Qq + Qc 

[0 0 5 2] 7j<iM»i:i: t ^mwt^ t. ymmmit t 
tmi t<DiMm^tmfWL XT.fy/s 2 o e) . s 

X iT.fvf^ 2 0 8) \ *;V-9^>'^l|?Tf §0 flM 

A t A^n"-&m^in5v^p^ti:WttH63 o*)fflg$!jii-rs 

[0 0 5 3] tU;iK(iaL:feB2*«M«jim?iS^XT 

A 2 0 B xz^WiS.. 3 0 m\i^^(^mmm^ 

§0 Bp-e. ffi>t>f^«*«MaiJt t i: LT 0 . 7 ~ 1 . 
4 CDIPEHF^T^MIPL. iff S L < (iTklfiJffllJt t 1 
mnUWf' 10 0%) i: § j; 5 Mffli-T § c t 

»3 > amms o^itfttti&ttggT'Mig-rs ^ tti^x^ 

So 

[0054] WxELfc J; 5 7j<il^W>?fX^^S^# 

;9^X^iinM-t 5 C ti3i < 3 0 ^WMst^ t^lc 
a, :£^7j<«Q w i:SWXpfi«7j<^^aQ g b < ^ 



L. ^(D^^/hfc <fc 5 $/X-r^<DS#%¥"J^-rs <: i: feT' 

§ So 0 1 2 (cm ^sfiMcmami^xr A 2 0 

2*WJcDm«ffii^XrA2 0 BCD«?^»a:^>y h 
■To 

[0 0 5 5] ccommmmm)i~=f-yf)m7-^n^ 

t . 'y h 6 0 CD C P U 6 2 (i. $-f\ 

X?5^lQa. Qc^ff^'Xffi^P a. Pc. 
Ta. Tc. iiafm<Dm:ff:mmTha. The. 
^(DmMMmp ha, p h c , I ^M^jA* (Xr 
<y:/S 3 0 0). ^;^g7j<MQw%lt»:-ri.i:«fi: (Xr 
■y^'S 3 0 2). Tk^^lQg^ltWtS (Xr^y^S 
3 0 4) o ^LT, :S^7K«Qwil7i<^^«Q g ilMM 
AQ^imt (Xr-yy'S 3 0 6) . SMAQcDlfi^fi 
^IfiQ r e f ttmt^ (Xf-'y^S 3 0 8) o CC 
X\ IBfflQ r e f ii^^kMQ v/ ilTK^MMQ g 

[0 0 5 6] {lMAQC9|SMi*^PsflfiQ r e f J; f^yt^ 

(Xr-yy'S 3 10), {iMAQ<D*g^#*W*Q r e 

7-rSo »i<MQw*M^«Qg4;!3::*:t 
< TSMA QcDHMfS^bWiQ r e f J; < ^ofc 

g i D /h^ < TMM A Q (DmfimtmmQ ret 

'm.m(^%n'fmm)^~=f-yx\t. z. 5 tfc 

0^;;Sfl'tTSfE#fc:ati?^^P^-y:S'0-ea&«o COJ; 
^Tk^^lQ g i:lcS-i\^Ti/XrA©a#%¥iJS-r§ 
0 ^;S;(:T'r § 5). aifE^Hi/Xr A<?)a#*^ta 
[0 0 5 7] ^)iM<^S^¥lJ^»V-9^>"^-(*s 

TkmQwtTm^mo. g(Dmm a QC)*6M<a^iiiiQ r 

8 ftbtmLrcio\ iiMAQ^iE©{S(DKfitm©ffi® 

[0 0 5 8] &.±. ^^m<DnMo:>jBmxc-o\^'xmMm 

[Hffi©ffi*^fSB^] 

[a 1 ] *igB^©-^sfi^jT-fe§m«m'>XTA 2 



(9) 



#11 2001-256988 



0 (DmrnKK^mtrnmr^^^o 

[0 2] mmmm 3 o ^mm^mnm 3 1 (omm 

im 3 ] HffiMcOKSttms^X r A 2 0 (7)«?M»^ 
-y h 6 0 1 <fc 13 lltT^ 3 0 ® jlteMM^V 

CH 4 ] m«?fi 3 0 (Dnwi^m^-^m ( o . 5 a 
/ c m2) tLrct^<D7mmmk t tmmnm 3 0 ic 

im 5 ] Sf;«fXE;tj P a . ia«lil^P w a . 

[0 6 ] mm. I , Mmy^Bti ? a . mmmn& p w a 

«@SLfci:f (D7K«^JW t i;B;<fXjiiSMQ a J:(DM 

CH 7 ] I , fgfP^^ffiP w a , #/JX?5^«Q a 

^HStrci: t(D7mmmit t ^fP;y'7.JI^j P a i:®M 

[08] I , SWXffi^P a, #;9'X?5SMQ a^ 

[0 9 ] t 1 ic^Lrc^x^mmm 



[010] mmm<Dmmnmi^7.Ti. 2 0 b 

[01 1] l|2*MMC0!im?fii^Xri^2 0 BC7)« 
?$iJi]a::i-y h 6 Ofc<ki3^tT?n§M«m3 OcD«l 

[012] mi*SfiMo«^m?fis/;^Ti.2 0^112 

^5SM®m«?fi5^XrA 2 0 B(DS?»a:^7> 6 

[?^«Diii^] 

2 0, 2 0 B ffi^lWjfii/XT^A. 2 2 7j<mi^|gS'. 
2 4 2 6, 2 7 }^»JW7^;l/7\ 2 6 

a, 27a 2 8, 2 9 :*t^XiI$iJffi) 

/VVf. 2 8a. 29a T^^9^a.x-^, 3 0 M 
m 31 ¥m 3 2 3 3 7/- 

H\ 3 4 *y-h\ 3 5 -fe/^P-^. 3 6, 3 7 
j^SS. 4 0 ?^tgS«. 4 2 tiiS^SS. 4 4 
y-f. 4 6|^«|^. 5 2 5 4 ft 

^Ef. 5 6 M^lts 6 0 m'?mm::i-=-y 62 C 
PU. 6 4 ROM. 6 6 RAM. 7 2, 8 2 mM 
If, 7 4, 8 4 ffitllt. 7 6, 8 6 U&Ms 7 7, 
8 7 iHi^. 7 8, 8 8Sfitf. 7 9, 8 9 
ft-. 9 0 -fyi^^-'^o 



[01] 



[02] 




I C P u K ^z 

I RAM Leo 



90 




(IG) 



#11 2 0 0 1 - 2 5 6 9 8 8 



[03] 



CH4] 



C 



y 



»^;iffi*Pa, PC, 
»>J;iM«Ta, Tc, 

1 



5100 



SIOZ 









Qwa, < 





5104 



5106 



0. 60 





i 


1 i 


































- 


— 






























1 
1 


• 


• ■ •No.2 


















■ 

o 
□ 


• • No.S 
•••NO.4 





0.4 0.6 0.8 



1,6 I.B 2,0 





2F'Q0 



(11) 



#SB2 0 0 1-2 5 6 9 8 8 



msi 



[09] 



[V] 

\ 



O.B 
0.6 
0.4 
O.Z 
0 













J rvi 1 






























- 












— 1 «*«K[A/cDfl 1 : 



30 40 50 60 



70 



[A/cm*] 
I 



0.8 
0.6 
0.4 

0.2 



80 



[Hi 0] 




[01 1] 

i 



my^mmQtL, qc, 

W^JST^BiiPtLt PC, 
ftlll«ia*Tha, The, 




SZOfl 



SZQ4 



At-t-I 1 











5208 



(12) 



#M 2 0 0 1 - 2 5 6 9 8 8 



[0121 



3MllMfea«T h A. The. 

»ha, phc. 










NO 




YES 

































SKH 



UOi 



»I0 



MM 



F^-A(##) 5H026 AACI6 CC03 

5H027 AA06 BAOl BA13 CC06 KKOO 
KK03 KK06 KK23 KK2,6 KK44 
KK56 



